Presence of wastewater particles is often cited as the reason for failure of UV-irradiation to inactivate targeted organisms to desired level. However, till now there is no method to directly assess the inactivation of particle-associated indicator organisms after UV-irradiation. In this study, we tried to establish a method to identify viable bacteria within wastewater particles. This method was then used to distinguish between particle-associated viable and non-viable bacteria after UV-irradiation. The objective was to assess the fraction of particles of different sizes that are associated with coliform bacteria and to analyze the impact that these particles may have on the residual coliform concentration after UV-radiation. We found that fluorescent in-situ hybridization (FISH) in conjugation with Direct viable count can be effectively used for identification and counting of particle associated Enterobacteriaceae. The method can also successfully distinguish viable bacteria after UV-radiation. We found that only 2 percent of the total coliforms in the supernatant from the secondary clarifier of the Shibaura water treatment plant is associated with particles. Association of coliforms were maximum for the particle size ranging from 41-µm to 80-µm. It was also found that UV-radiation can effectively penetrate through most of the waste water particles.
INTRODUCTION
Properly treated wastewater is a valuable resource that can be easily used to meet many non-potable water demands. UV-disinfection of secondary effluent has the promise to produce high quality water that can meet strict regulations for reuse purposes. However, there are some potential drawbacks in using the UV-radiation in disinfecting secondary effluent. Particle-associated pathogens are one of them. Particles in wastewater have been observed by many researchers to have a deleterious effect on UV-light inactivation of targeted organisms (Loge et. al., 1999 , Qualls et. al., 1985 . Often the ability to inactivate particle-associated organisms is the controlling factor in meeting disinfection regulations.
At low doses, coliform bacteria are inactivated following first order kinetics. Eventually, a dose is reached where the inactivation no longer follows first order kinetics. With further increase in dose, a point is reached where increase in the UV-dose does not inactivate the remaining coliform bacteria. This is called the residual coliform concentration. Most of the researchers have attributed this phenomenon to the association of some bacteria with particles that shield them from effective UV-radiation (Qualls et al., 1985) . Others have pointed to hydraulic characteristics of the reactors (for example, surviving bacteria may be traveling through a region of the reactor where the intensity of radiation is relatively low) (Darby et. al., 1993) .
In this study, we tried to establish a method to identify viable bacteria within particles. This method was then used to distinguish between particle-associated viable and non-viable bacteria after UV-irradiation. The objective was to assess the fraction of particles of different sizes that are associated with coliform bacteria and to analyze the impact that these particles may have on the residual coliform concentration after UV-radiation.
MATERIALS AND METHODS
Water sample. For this study, samples were collected from the secondary clarifier of the Shibaura waste water treatment plant situated in Tokyo, Japan. The treatment train consists of primary sedimentation, activated sludge treatment and chlorination. We used the supernatant from the secondary clarifier (before chlorination) for our experiments. The UV-absorbance at 260-nm of the sample was 0.14 cm -1 and the turbidity was 1.1 NTU. All experiments were done within 24-hours of collection. Samples were stored at 4 0 C.
Particles associated with coliform bacteria. Membrane filter method and the multiple tube fermentation tests are the most common methods for counting coliform bacteria. But both of these methods can underestimate the total number of coliform when significant portion of them are associated with particles. In addition, neither of these methods can be used to distinguish between disperse and particle-associated bacteria. Of late, a molecular technique has been developed by Loge et. al. (1999) for viewing individual bacteria in the family Enterobacteriaceae (commonly referred to as enteric bacteria). The technique uses in situ hybridization of a fluorescent 16S ribosomal RNA (rRNA) oligonucleotide probe (ENT1) that is specific to Enterobacteriaceae. The target sequence of 16S rRNA subunit is 5'-CUCGCGAGAGCAAGCGG-3' (probe sequence 5'-CCGCTTGCTCTCGCGAG-3'). Because phylogenetic classifications of bacteria are historically based on a series of biochemical tests (coliform bacteria are defined as all organisms that can ferment lactose in the presence of lauryl sulphate), till now there is no way of genetically distinguishing coliform bacteria from the rest of the family of enterobacteriaceae and it is impossible to design an oligonucleotide probe specific strictly to coliform bacteria. Fortunately, coliform bacteria are the primary subgroup of the of the family of enterobacteriaceae and those organisms that are part of the family but not considered as coliform bacteria reside in obscure environments.
Sample preparation. Three volumes of cold 4% paraformaldehyde in 1X phosphate buffered saline was added to one volume of waste water sample and the solution was incubated at 4 0 C for 2 hours. Various volumes of waste water sample was then serially filtered through 80, 41 and 11-µm nylon mesh filters. The filters were then washed once by equal volume of 1XPBS and then air dried. Those filters where there were no particle overlapping were used for hybridization.
In situ hybridization. Half of each filter was attached on a 22-mm × 50-mm glass microscopic slide. Paper filters were saturated with 500-µl hybridization buffer and were then incubated at 46 0 C for 30 minutes. Wash buffers were also kept at a water bath at 47 0 C. In small aliquots, 80-µl of hybridization buffer (20% formamide) was added to 10-µl of probe ENT1 (25ng/µl) and 10-µl of probe EUB (25ng/µl). The EUB-probe was used to identify all bacteria. Both the probes were obtained from Takara Biomedicals Ltd., Japan.100--µl of this mixer was added to each slide. The slides were then placed in hybridization chambers containing saturated Whatman 3MM-paper and the hybridization chambers were incubated for 2 hours at 48 0 C. After that, the slides were removed from the hybridization chambers and each filter was gently rinsed with wash buffer at 48 0 C for 20 minutes to remove unbound probe. Finally the filters were washed with Milli-Q water and air-dried.
Enumeration. Each slide with hybridized filter was viewed using epifluorescent microscopy under a confocal-laser-scan microscope with an 100× objective lens (total magnification equals 1000). We labeled the probe with FITC dye, because there were some particles that have red autofluorescence. The EUB-probe was labeled with CY5 dye.
Identification of viability of the UV-irradiated Coliform. One of the potent problems of using 16s rRNA probes for detecting bacteria is that it does not directly distinguish between viable and nonviable bacteria. A variety of methods have been applied for evaluation of bacterial viability of single cells. Most of these assays use fluorescent probes targeting different cellular functions as indication of bacterial viability. Tetrazolium compounds such as 5-cyano-2, 3-ditolyl tetrazolium chloride (CTC) are reduced by actively respiring microorganisms to yield a fluorescent formazan precipitate (Yu and Mcfeters, 1994) . Rhodamine 123 is a fluorogenic probe which reflect membrane potential. SYTOX green is a fluorescent nucleic acid stain that penetrates cells with compromised plasma membranes but will not cross the membranes of living cells with intact membranes (Fiksdal and Tryland, 1999) . However all these methods fails to detect the UV-irradiation inflicted damage to bacterial cells. Because UV-irradiation does not directly affect the above mentioned cell functions. Till now, only one method was found to reflect the bacterial viability after UV-irradiation (Fiksdal and Tryland, 1999) . This method, known as direct viable count (DVC) method involves enumeration of cells that are able to elongate in the presence of nalidixic acid and nutrients (Kogure et. al., 1979) . Nalidixic acid affects DNA synthesis and prevent cell division, while other cell activities like RNA and protein synthesis continue (Deitz et. al., 1966) ; hence in the presence of nalidixic acid and nutrients, viable cells can increase in size without multiplication.
The procedure that was followed in our study is outlined in Figure 1 . 30 mg of yeast extract and 1.2 mg of nalidixic acid were added to 100 ml of sample (final concentration is 0.03% yeast extract and 12 µg/l of nalidixic acid). The mixture was then incubated at 37 0 C for 6-8 hours. One volume of sample was then mixed with three volume of phosphate buffer saline (PBS) containing 4% paraformaldehyde and the solution was kept at 4 o C for 2 hours. This was followed by serial filtration through 80-, 41-and 11-µm filters and air drying. The filters were then hybridized with ENT1 and EUB as described before. UV-radiation. 200-ml samples were irradiated in petridishes under a single low pressure mercury lamp (Toshiba corp., 20W) . The intensity of irradiation at the surface of the sample was about 0.7 mW/cm 2 . The dose was measured by using RNA coliphage Qβas a bio-indicator of UV disinfection efficiency (Kamiko, and Ohgaki, 1989) . Total coliform was counted by membrane filter method (Standard methods, 1998) .
RESULTS AND DISCUSSIONS
Viable and non-viable Enterobacteriaceae. Enterobacteriaceae appeared green under the epifluorescent microscope. All other bacteria showed only blue fluorescence due to the EUB-probe. The mean length of the fluorescence from the Enterobacteriaceae was about 1.3μm and none showed elongation above 2μm. However, after incubation in the presence of nalidixic acid, the average length increased to about 3.5-μm. So, only the cells longer than 2-μm after the viability tests were considered alive.
Particles associated with coliform bacteria. Only 88 coliforms per ml were found to be attached with particles. This is only 2 percent of the total coliforms in the supernatant from the secondary clarifier of the Shibaura water treatment plant. Association of coliforms were maximum for the particle size ranging from 41-µm to 80-µm. (Table 1 and Table 2 ) Viability of Enterobacteriaceae after UV-radiation. The effect of UV-radiation on the water from the secondary clarifier of Shibaura wastewater treatment plant is shown in Figure 2 . The figure clearly shows the deviation from the first order kinetics of inactivation as the dose increases. To check if the particle-associated bacteria were the reason behind this deviation, the water sample after a UV-dose of 120-mWs/cm 2 was subjected to viability test. Most of the Enterobacteriaceae did not show any elongation after incubation in the presence of nalidixic acid. Only one particle-associated enterobacteriaceae per 100-ml sample was found to be above 2μm in length. Which indicated that most of the particle associated enterobacteriaceae are not viable after a UV-dose of 120 mWs/cm 2 . This clearly showed that UV-radiation can effectively penetrate through the pores of most of the waste water particles. CONCLUSIONS 1. Fluorescent in-situ hybridization can be effectively used for identification and counting of particle associated Enterobacteriaceae. 2. By simultaneous hybridization with two probes (ENT1 and EUB), the Enterobacteriaceae can be easily distinguished from autofluorescence and from other bacteria. 3. Direct viable count can efficiently distinguish between viable and non-viable cells. 4. Only 2% of the total coliforms are attached with particles. 5. Association of coliforms was maximum for the particle size ranging from 41-µm to 80--µm. 6. UV-radiation can inactivate a significant portion of the particle-associated indicator organisms
